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Abstract 
Continuous shear connection, using a cut steel strip, is an upcoming solution for composite beams. With the activation of friction 
on the sides of the steel strip this method has already been used to design and build large durable bridges during the sixties. 
However direct shear transmission into the steel strip though teeth of the cut is also possible and has been scrutinized with the 
support of the European Research Fund for Coal and Steel. It is characterized by a high initial stiffness, bearing capacity and 
ductility. It allows new and economic construction methods, as the PreCoBeams (Prefabricated Composite Beam used as 
formwork). 
PreCoBeams are for instance composite beams associating steel T-sections acting as tension member with a concrete top chord 
acting as compression member. Steel parts are generally obtained from rolled steel profiles that are longitudinally cut in two 
identical T-sections. The cut is performed with a special shape to allow the shear longitudinal transmission between steel and 
reinforced concrete. In general, prefabricated, composite, longitudinal PreCoBeam bridge elements are produced in factory. They 
consist of at least one steel T-section associated to a precast first phase concrete flange. Second phase concrete layer is then 
completed in-situ after erection of the bridge elements on abutments. These PreCoBeam bridges are very economic in design and 
construction, though the main market drawback for PreCoBeams is the missing design rules for the shear connection.  
This paper introduces the static and fatigue design of continuous steel plate shear connections used for PreCoBeams derived from 
the recent research activities. The CL shape of the cutting has been tested in fatigue, ultimate and service limit states and 
validated in the scope of a bridge application. This concept aims at developing a competitive solution for small span bridges. The 
various solutions realized in the last years in many European countries, some of them presented in the paper, show clearly its 
interest. 
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Nomenclature 
CL Clothoidal shape 
PZ  puzzle shape 
TO tooth shape 
1. Importance of fatigue for direct connection of plate 
1.1. Introduction : connection of a steel plate in a concrete element 
Fatigue is of vital importance for the steel part and can be neglected for the concrete part. Quality defect of a simple 
puzzle cutting line made of circles can compromise fatigue resistance. A notch appears in the picture on the cutting 
line at the point of a puzzle shape where the curvature of the line has to change. The cutting tool probably stopped at 
the passage point from a rectilinear zone into a circular zone of the cutting line with reduced radius of curvature. To 
enable an evaluation of fatigue resistance studies have been carried out for the different dowel shapes and are 
presented below. 
(a) (b) PZ shape (c) 
Fig. 1. Manufacturing defect (a) can appear in the detail of the cutting line of a puzzle form Preco-Beam connector. 
Consequence can be a fatigue crack (b) and (c) for a simple shape made of two circles  (precobeam report ) 
Concerning steel bridges, constructive details are classified with the risk of crack initiation caused by fatigue in the 
EN 1993-1-9. Once the fatigue crack appears, it can lead after a phase of propagation to brittle failure which has to 
be avoided. The classification of the constructive details is usually elaborate by tests. In the frame of Preco-Beam 
only few cyclic tests are foreseen so theoretical research should enlarge the knowledge about the fatigue behaviour 
of the composite dowel by FEA. Further cyclic tests have been performed in both universities of Wroclaw and TUM 
Munich to validate the fatigue approach by experience. 
1.2. Fatigue in steel construction 
The fatigue strength of the bridge details under the effect of the longitudinal direct stresses caused by flexion 
compression or tension, are already classified in the EN 1993-1-9 on the basis of experimental results. The 
following picture shows most of the current bridge details and their fatigue class. 
 
FEM models have been built for various representative details with the aim to establish a correlation between the 
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Eurocode classification, and the fatigue damage caused in the different geometries. The same history of load 
variation is applied to every detail, and the fatigue damage is computed with the classical Palmgreen-Miner damages 
summation law that is described in Eurocode 3 (EN 1993-1-9). 
Code_Aster from Electricité de France R&D (GNU GPL soft : http://www.code-aster.org ) has been used during 
2009 to study the fatigue behaviour of composite dowels. This is FEA software with advanced tools for the study of 
structure regarding fatigue. For every detail, a uniform stress amplitude of 50 MPa (half range ) is applied in a first 
step to an extremity of the plate. The load is applied in 12 steps according to the schema in Figure 2(b). 
In the sense of the Eurocode, the total stress variation is 100 MPa. Stresses due to the thermal shrinkage of the welds 
or of the cuts are constant and are not introduced in the stress history. For all details the Wohler curve introduced in  
“Aster” is the 125 MPa curve. It corresponds to the quality of cutting that is available today in France for bridge 
fabrication. This assumption has no impact on the results which are only computed to compare different details. 
(a) (b) 
Fig. 2. Bridges fatigue strength details for direct stress ranges (a) according to Eurocode 3 (EN 1993-1-9). 
(b)  Introduced loads for fatigue analysis 
For one cycle with the stress total variation range of 100 MPa, the damage can be calculated easily to 1 / N . It can 
also be regarded as a probability of crack initiation during this cycle. 
1.3.   Investigations in fatigue by FEA 
As a matter of verification, this first damage value 1/N = 0.256 E-6 can be obtained in a simple plate without any 
geometric disruption of the stress flow.  N  =  exp (ln (2.E6) – 3 ln (100/125) ) =  3,906 M. cycles ie 1/N= 0,256.E-6 
It corresponds to the class 125 MPa of the Eurocode taking into account the cutting effect.  It can be noted that the 
damage and the stresses are quasi uniform all over the plate. As the plate is supported by the web in the middle of in 
Z direction and also blocked at the web in the Y direction to avoid Poisson effects, stress concentrations occur here. 
Similar calculations have been performed for other details, for instance a 1/4 slope direct connection butt weld with 
short attachment of 50 mm thickness.  
 
In these two first examples, the narrowness of the mesh could be selected in order to achieve a result independent on 
the refinement of the mesh. But in some particular cases of 3D hot spots, the result concerning welded details with 
poor class regarding fatigue, always depends on the refinement of the mesh of the FEM analysis. No convergence 
appears with the narrowness of the mesh. The IIS/IIW (international institute of welding) published 
recommendations [Hobbacher A., 2005] proposing a way to handle this convergence problem. These 
recommendations have been followed by generating a appropriate mesh and by using a smoothing device to post-
process the results. With these precautions, the classification of poor class regarding fatigue welded details is 
coherent with the other details. The concerned details are the long vertical butt weld attachment of 300 mm, and the 
gusset plate but welded without radius transition at crossing flanges. 
 
Models of constructive details from the Eurocode 3 are introduced for Code_Aster to evaluate the fatigue damage 
under a standard given stress history. The comparison of the study results shows a good correlation between 
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evaluated damages and the experimental Eurocode 3 classification. 
 
The evaluation of the fatigue class of innovative details like Preco-Beam connection cuttings is made possible 
regarding longitudinal direct stresses, in other words compression or tension due for instance to the flexion of the 
beam. These results have been then completed by experience with fatigue tests in the laboratories of the Technical 
Universities of Wroclaw and Munich. 
(a) (b) 
Fig. 3.  (a)  Simple plate with longitudinal stresses (average damage = 0.256 E-6 ) (b)  Effect of a 1:4 Slope 
 (a) (b) (c) 
Fig. 4.   Mesh details according to IIS /IIW to evaluate the class (a , b ) vertical attachment (c) horizontal attachment   
Concerning the longitudinal stresses, at the origin of the main fatigue problem, the area that has to remain in a 
clothoidal form is a local area. The clothoidal geometry allows more than doubling the radius of curvature. The cut 
of a Preco-Beam connection in form of a clothoid with a radius of 80 mm in the sensible re-entrant angle has the 
objective to improve fatigue resistance by elimination of curvature discontinuity in the sensible zone. For this 
reason, it is pertinent to propose clothoidal geometry for the cutting line of a Preco-Beam type connector to be used 
for bridges. 
(a) (b) (c) 
Fig. 5.   Precobeam various investigated shapes (a)  Tooth shape : class 48 MPa,  (b) Puzzle shape : class 70 MPa,  (c) Clothoidal CL-shape : 
class 85 MPa,    
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1.4. Combination of shear stresses with longitudinal stresses 
Figure 6 shows on a simple example of bridge that the number of shear cycles can be more important than the 
number of bending moment cycles. 
Fig. 6.   Fatigue load crossing a bridge : shear (V) and bending moment (M) influence lines 
Code_Aster allows the possibility to combine different loads with different number of cycles.  This point is 
important for connecting devices that support both shear stresses with longitudinal stresses. Simple formulae could 
be given in the CTICM review [1] to solve this problem. 
(a) (b) 
Fig. 7.   Combination of Code_Aster loadings  : (a) Loads (b) Example of Result 
But the Eurocode format imposes to regard in such a case the stress along the cutting line. In this case, the 
influence line of the stress has to be used to compute the right lambda_1 value. For the fatigue analysis, the most 
unfavorable influence line of the stress on the CL-cut calculated along the bridge can be used to determine a 
coefficient lambda_1. The stress is due to various efforts like the shear force, the bending moment and the normal 
effort. The Setra-Cerema soft ST1 can provide the influence-line of such a generalized stress. The values of lamda_1 
suggested in some simple cases by standard NF EN 1993-2 can be not appropriate. For road bridges, a simulation of 
the traffic can be performed to evaluate the effect of the trucks on a given stress influence-line by cumulating the 
damages with the method of the reservoirs to evaluate the coefficient lamda_1 in accordance with the 
recommendations of Appendix A of standard NF EN 1993-1-9.  
 
2. Examples of projects and realizations 
2.1. Interest of the gantry structures or integral bridges 
Gantries are also called « integral bridges » in the international technical literature. They are embedded on their 
supports. If this technique is traditional in France for the standard reinforced concrete bridges with twenty meters 
maximum span (program PIPO of Setra-Ceram), it is usually ignored for larger spans: the Bras de la Plaine Bridge 
on the Reunion Island is an exception. 
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 Fig. 8.    Bras de la Plaine Bridge on the Reunion Island  
 
Composite integral bridges with multiple gantries exist in Australia since 1974: an example is the viaduct of the 
Hakesbury River in the north of Sydney on the Australian coast close to New Caledonia and which profits from the 
same favorable conditions of climate [10]. It uses only 55 meters spans with intermediate joint of dilation every 
220m.   
 
The design of these works requires preliminary recognitions geotechnics of quality to design the foundations. 
Indeed the geotechnical aleas have here consequences on the calculation of the bridge deck which is usually not the 
case.  If underground is rock, one should not seek to reinforce embeddings, which increases their stiffness. One can 
on the contrary try to make the supports more flexible, for example thanks to a Mesnager hinge at the foot of the 
vertical struts frames of the gantry or thanks to flexible metal piles. In certain cases, one can use the solution called 
“half-integral” which consists in having bearings at an intermediate level of the abutment. The bearings are then 
difficult to inspect and change. 
2.2. Project developed at Setra-Cerema to cross an alpine torrent near Chamonix with CL-connection 
In the design adopted for the project of Chamonix, the curved half rolled-beams sections are grouped by two to 
constitute boxes closed by a top flange.  
 
The CL-shape cutting of the connection is placed in any section either in the compressed zone (at the top key of the 
arch or at its ends) or near the neutral axis of the composite beam in the intermediate zone. This position of the 
cutting improves the robustness of the beam in the respect of the risk of fatigue crack initiation. 
Again fatigue consideration has a great importance in the bridge conception. 
 
The longitudinal curve of the steel girders is in fact the free result of their cutting in the longitudinal direction 
according to the CL geometry. The cut releases the internal stresses generate a curve on each half-profile. Before 
welding them together by two to constitute each box, one can easily rectify the curve of the flexible half-profiles to 
obtain the required geometry.  
The boxes obtained by the assembly of two half-profiles with top flange have no nooks or transverse beams. It is 
also possible in the majority of the environments to use steel braces. Near the ocean, in urban or industrial 
atmosphere, steel braces must be avoided by precaution. It must be noted that one important reason for that is the 
difficulty of detecting fatigue crack on their surface. 
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In the case of the River Arve’s bridge, steel brace was possible. The boxes resist the shocks of floating 
bodies.  The esthetic shape of the under-surface fulfills the hydraulic requirements. Finally the robustness of the 
structure is ensured regarding catastrophic flooding and risk to see the bridge carried away by the torrent. 
 
 
 Fig. 9.  : Project to cross river Arve near Chamonix   
Key point is to note that all the bridge is embedded on its abutments. That ensures economies during construction 
as well as during the use along the life of the work: no bearings, nor road-joints. The periodic replacement of these 
elements generates costs of maintenance and interruptions of circulation on the traditional bridges which are 
equipped with it. Lastly, the abutments can without problem being based on a single row of piles. 
  
Top flanges of isostatic composite bridges are of low width and it is generally not possible to put a single steel beam 
in place with a crane because of the risk of instability of such an insulated beam.  
The concrete top flange of the prefabricated composite elements can be broader while remaining cheap. It is then 
possible to put them in place with a crane. The concrete top flanges once in place are used as formwork to cast in 
place the second layer of the concrete slab insuring the junction of the beams of the deck.  
 
For an overpass, when the montage is possible with cranes standing on the crossed road platform, the nuisances 
and risks that the working site causes is very reduced : it is particularly appreciated in urban environment at the time 
of the realization of new crossings of motorways under traffic then the socio-economic impact of the work is 
reduced.  
 
2.3. Details of the Chamonix bridge project 
 In the case of the bridge crossing the River Arve, connection CL makes it possible to save the welding of 
connectors by simple adoption of a CL cutting instead of a rectilinear cutting of the cores. CL-cutting transmits 
important slip efforts.  The elements for the calculation of CL connection are available in the publications [1], [7], 
[8], and [9], as well as at Sétra-Cerema.   
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 Fig. 10.  : half transverse section  ( longitudinal steels in the slab are not illustrated ) 
The project of crossing of River Arve at La Joux, worked out for Chamonix in 2008 by Sétra within the 
framework of the European research program Precobeam with the engineering and design bureau B&M Ingéniérie 
however remained at the stage of project because of the financial crisis. 
2.4. Composite integral bridge in New Caledonia  
x Favorable general conditions  
 
The maintenance of the bearings and the road-joints represents an important budget. For the bridges of the French 
national road network in Europe, it accounts for 40% of the specialized maintenance costs: on average, the road-
joints are changed every 15 years and the bearings every 40 years and their maintenance requires cuts of circulation. 
Moreover, the joints which are changed in the night during a few closing times of circulation have a durability 
definitely less than the joints of roadway assembled on a new bridge. The situation in New Caledonia is comparable 
with regard to this equipment. 
 
The ends of the bridge often are very degraded by the water infiltrations in the zone of the road-joints on 
traditional bridges. These nuisances are removed in the case of the integral bridges. 
The integral bridge is better anchored on its supports, which constitutes an advantage in the event of flooding or 
of hearth quake. Although it is subjected to the risk of tsunami on its North-eastern coast, New Caledonia is not 
regarded as seismic according to data now available.   
 The extreme limits of the variations in temperature in New Caledonia, to take into account to dimension the 
structure with respect to the heating effects, are definitely less severe than those which one finds in European 
countries where integral bridges of equivalent range were already carried out and it is a very favorable parameter.  
Skew does not pose a problem particular to integral bridges. Lastly, the integrated structure of the deck presents a 
clean appreciated elegance.  
 
x Overpass to cross the motorway at the entrance of Noumea 
 
At the Berthelot traffic-circle, an important circulation converges towards Noumea. Sétra advised the town 
Noumea and Egis for this project.  The opening of the gantry is of 35,40m. The structure choosen for the bridge is 
made of six composite box-girders of 2,30 m. They are able rather robust and to resist possible impact of over-
height vehicles.  
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 Fig. 11.  :   Longitudinal section with the dispositions recommended by Sétra 
 
 Fig. 12.  :  Transverse section with six beams préco recommended by Sétra 
 
In the part of the deck which overhangs the expressway, Sétra recommended the use steel-concrete composite 
beams called precobeams used as formworks-slabs put in place with cranes. The mass of each “precobeam” of the 
project is then roughly of 30 to 40 tons : 
x  the  metal frame weighs approximately 20 tons.  
x  the connected formworks-slabs weigh to the minimum 10 tons  if they overhang only the central 20m broad zone 
of the road, and to the maximum 20 tons if   they reign over the entire length of the opening. 
This load is to be carried by crane to less 10m top and to 8m of distance. 
The assembly with the crane of prefabricated prefabricated elements being used as formwork is thus made 
possible by one or two usual cranes which have to carry out only one simple lifting if the beams are drawn in 
position on the expressway on trailer.  The higher layer of concrete slab for joining is then carried out in second 
phase. 
 
Only the montage of the composite precobeams and probably the casting of the higher layer of concrete slab for 
joining, which can be carried out in only one night, require only short cuts of circulation on the expressway. 
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The concrete top flange of the precobeams is used at the same time: 
x  as economic compressed section,   
x  horizontal stabilizing element in intermediate phase of construction 
x  and as element of formwork for the second layer of the concrete slab. 
The angles of the gantry are the seat of important bending moments whose transmission can be made possible by 
means of the dispositions of figure 13. The top boom of the beam is prolonged by an anchoring in the concrete 
which implements the CL-cutting. This device is supplemented by studs on both sides of the steel web in contact 
with the concrete. 
 
 
 
 Fig. 13.  : Possible anchoring of the top flange of the beam   
 
 Fig. 14.  : Possible details of an anchoring of the top flange of the beam 
2.5. Other outstanding achievements in Europe   
Romania is crossed by several European highway corridors. The construction of the corridor which must connect 
Western Europe to Black-Sea has priority and includes a section between Orastie and Sibiu in the north of the 
South-Carpates.  In this area, the new highway is carried by many bridges.  
 
Except for a 240 m length viaduct, it was decided that all the bridges would be integral bridges. The objective is to 
optimize the costs of maintenance over 120 years. The construction of the overpass bridges is not obstructed by 
existing circulation. However, with regard to the overpasses of more than 38 m length, a study showed the economic 
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advantage of integral steel-concrete composite gantries with precobeams. They make economically possible to avoid 
the construction of any intermediate pile, even above a highway in construction.   
 
This type of gantry is made of four prefabricated composite beams posed with the crane. The beams are then put by 
one second layer of concrete according to the same principle as shown in figure 12 and profiting of the same 
advantages as those already described into 2.4.   
 
 
(a) (b) 
 Fig. 15.  :  Views of one of the bridges (Photographs by Victor Schmitt ) (a) steel frames on site with CL-shape cuts and studs  (b) terminated 
bridge 
The design was ensured by Schmitt and associated in Romania (SSF-RO). For an opening of 39 m, the bridge of 
figure 15 has a total height of beam which varies between 1,95m at embedding and 1,65m at the key. Skew is of 78 
grades.  More details are available in [11]. 
 
The principal originality of these bridges is to use in an optimal way the CL-shape connector designed by Sétra 
within the framework of the European Precobeam research project. In the central part of the bridge, where the 
concrete is compressed, the top flange is completely removed and the steel web of the beam is directly connected by 
CL-cutting to the longitudinal formwork-slab.  
On the other hand, the steel top flange is restored via a long triangular gusset in the zone where the concrete works 
in tension. In these zones, the connection is ensured by two bands of CL-cuttings welded above the steel top flange.  
 
A detailed attention must be given at the ends of the CL band not to degrade the class of fatigue which the CL 
connection offers in the current zone. 
 
3. Conclusion 
 
Made possible by a design which takes account of fatigue, the CL connection system proposes a new way to 
design the steel-concrete composite bridges, and in particular integral bridges.  
 
With already a dozen achievements in several countries, the concept showed its full reliability in the transposition 
from the paper to the building site. Durability, robustness, competitiveness, associated with great esthetic 
possibilities make of it surely a solution of great interest for the future. 
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